Two new Mn(lll)-tetraarylporphyrins Mn-I and Mn-2 bearing one amido-bonded n-C7F15 chain on each meso-aryl group have been synthesized. The presence of four perfluoroalkyl tails strongly influences the solubility of these compounds in common organic solvents, but it is not sufficient to impart solubility in fluorocarbons. The catalytic activity of the new complexes was tested in alkene epoxidations employing aqueous NaOCI as oxygen donor. Results show that Mn-2 is more active than Mn(lll)-5,10,15,20-tetrakis-(2,6-dichlorophenyl)porphyrin, one of the most efficient porphyrinic catalysts for hydrocarbon oxygenation. Copyright © 1996 Published by Elsevier Science Ltd Fluorocarbons (perfluorinated alkanes, ethers and tertiary amines) have peculiar chemical and physical properties which are potentially exploitable in many technological fields. 1 Advantages in using these compounds as inert media for chemical reactions (e.g. esterification, 2 photolysis, 3 bromination of alkenes 4 and oxidation of organozincs to hydroperoxides 5) have been pointed out. A new approach to liquid biphasic catalytic reactions based on the low miscibilities of fluorocarbons with most organic solvents has been recently described by Horv~ith and R~ibai. 6 In what these authors define as "Fluorous Biphase System" (FBS) the catalyst is confined to the fluorocarbon phase, whereas substrate/s and product/s are dissolved in a common organic solvent.
as catalysts for alkene epoxidation in aqueous/organic biphasic systems, related to the presence of the perfluoroalkyl tails. Metallo-tetraarylporphyrins are well-known catalysts for hydrocarbon oxygenation. 7 The functionalization of the macrocyclic ligand by linking perfluoroalkyl tails was reasonably expected to impart fluorophilic character to this class of compounds. Furthermore, the introduction of strong electron-withdrawing perfluoroalkyl chains (RF) could alter the electronic properties of the complexes and it should favourably affect their stability and catalytic efficiency. The presence of electron-withdrawing groups on the meso-aryl substituents and/or in the 13-pyrrolic positions leads to electron-poor porphyrins which should be protected from oxidative decomposition. 8
In a recent communication, metal complexes of highly electron-deficient meso-perfluoroalkyl substituted porphyrins were found to be able to catalyse the oxidation of isobutane to tert-butyl alcohol. 9 It is worthwile to stress that experimental 10 and computational 11 studies cast some doubt on the asserted positive consequences of the l-substitution, which can also results in severe nonplanar distorsion of the macrocycle 12
Stability as well as catalytic efficiency of metallo-tetraarylporphyrins under oxidative conditions are in fluorocarbons and they suffer from lack of steric protection against ~-oxo dimerization and other undesired side-reactions. In our experience, the complete substitution of the ortho hydrogen atoms of the meso-aryl groups with chlorine is a key factor for achieving the required resistance of the catalysts under oxidative conditions.
Although tailed porphyrins containing ether bonds are more stable than those featuring amido bonds, 15 the latter kind of connection was preferred because of its easier synthesis. We also decided to tether the perfluoroalkyl chains to preformed tetraarylporphyrins instead of using perfluoroalkylated building blocks.
Indeed, the presence of RF residues can be troublesome for most cyclisation procedures and it can lower considerably the yields in the desired porphyrin.14,16
Tetraarylporphyrins ! and 2 were synthesized following the pathway outlined in Scheme 1.
Scheme I. Synthesis of porphyrins 1 and 2.
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Ar(i) =Ci~ CI Ar(H) ?1~ cj NO2 NH2 4 = para 6 = para 5 = meta 7 = meta Porphyrin 6 and 7, beating four amino groups at the para and meta positions of the four meso-aryl substituents respectively, were prepared by condensation of the appropriate 2,6-dichloro-nitrobenzaldehyde with pyrrole 14 followed by reduction of the nitro groups with SnCI2/HC1. Because of the hindered rotation of the aryl groups, due to the presence of the ortho-chlorine atoms, 7 was obtained as a mixture of four atropoisomers. All attempts to isolate the single isomers failed and the porphyrin was used as such for the further functionalization, carried out by treating a suspension of the macrocycle in ether with a large excess of n-C7F15COCI in the presence of Et3N. The yield of the perfluoroacylation step was only 40% in the case of 1, while it was 80% for 2. This large difference matches the different solubility of the final products in ether (Table l) which is lower for 1.
Mass spectrometry showed that the convertion of both tetraarylporphyrins into their Mn(III) complexes by addition of an excess of Mn(OAc)2.4H20 to a refluxing DMF solution of the ligand 17 was accompanied by partial hydrolysis of the amido bonds. Instead of trying to separate the various products, the crude complexes were treated again with an excess of n-C7F 15COCI thus leading to complete perfluoroacylation of all the amino 1 t 882
groups. The overall yields of the metalation/perfluoroacylation steps in the syntheses of Mn-l, Mn-2 were 36 % and 74 % respectively.
Dealing with 1 and 2, we soon recognised that the solubility of the two compounds differs widely. The presence of four perfluoroalkyl tails is not sufficient to make 1 and 2 soluble in fluorocarbons, but while the latter porphyrin is easily dissolved in most organic solvents at concentrations < 10 -3 M, 1 is sparingly soluble only in AcOEt, DMF and ethers (Table 1) . These trends applies also to the respective Mn(IIl)-complexes. The behaviour of 1 fits in with the decrease in solubility expected from incorporation of four amido linkages. Moreover perfluoroalkylanilides are prone to aggregation in organic solvents even at very low concentration. 18 Ethers are among the few good solvents for perfluoroalkyl derivatives and the unusual solubility of tetraarylporphyrins I and 2 in Et20, DME and t-butyl methyl ether (MTBE) can be ascribed to the favourable interaction of these solvents with the RF tails. 19 The remarkable high solubility of 2 in a wide range of solvents is related to the low degree of symmetry of this compound which in addition was synthesized as a mixture of atropoisomers. In this case too, ethers were found to be good solvents and, rather interestingly, even cyclohexane is able to solubilize 2 at low concentration.
Catalytic activity of Mn-1 and Mn-2 was tested in the epoxidation of two model compounds, cyclooctene and 1-dodecene, which are representative of easily oxidised and poorly reactive ot-olefins respectively. Reactions were carded out at 0°C under aqueous/organic two-phase conditions, using NaOCI as oxygen donor in the presence of N-hexylimidazole as axial ligand for the Mn complexes. The pH of the aqueous solution was adjusted to 10.0 with solid NaHCO3 before starting the reaction. 20 Yields obtained (determined by gaschromatographic analysis of the organic phase) are shown in tables 2 and 3. higher. In the case of Mn-2, conversions were even higher than those obtained running epoxidations in a noncoordinating solvent as CH2C12 (Table 3) . Water solubility in MTBE is lower than in AcOEt so that transfer of HOC1/OCI-from the aqueous phase to the organic one could be hindered. The low concentration of the oxygen donor in the organic solvent could justify the decrease of epoxidation rate, but not the observed stop of the reactions after 200-250 catalytic cycles.
In order to compare the catalytic efficiency of Mn-I and Mn-2, AcOEt was then used as the organic phase.
It is evident from our results that Mn-1 is a poor catalyst with respect to Mn-2, thus confirming that the introduction of amido linkages in the para position of the meso-aryl groups has a definite negative effect on the catalytic activity of tailed Mn(lll)-porphyrins. 15
In the case of Mn-2 the electronwithdrawing action of four RF tails counterbalances the less pronounced negative effect of the meta-amido bonds, as shown by comparison between this catalyst and Mn-3 (Table 3) . a Reaction conditions: see Table 2 
CONCLUSIONS
The present results show that the insertion of four perfluoroalkyl tails does influence the solubility of Mn(lll)-tetraarylporphyins and their catalytic activity. The location of the RF substituents on the meso-aryl groups strongly affects the behaviour of these compounds, at least in the case of tails tethered through amido bonds. Despite the partial inadequacy of this kind of connection, high turnovers were obtained using Mn-2.
These encouraging findings stimulate us to further efforts towards the synthesis of similar compounds for which the F/C ratio will be even higher and the RF tails will be directly linked to the meso-aryl groups. We hope that these two features will allow to exploit the beneficial effect of the RF substituents in Fluorous Biphase Systems.
EXPERIMENTAL SECTION
UV-VIS spectra were measured using a Lambda 6 Perkin-Elmer spectrometer in Et20 or CH2C12 solution.
1H-NMR and 19F-NMR spectra were recorded on a Varian XL 300 spectrometer with tetramethylsilane (8 = 0) and CFC13 (8 = 0) as internal standard respectively. Mass spectra were obtained using an Analytical VG 7070 EQ spectrometer. GC analyses were performed on Varian Model 3700 (20 x 0.125 in. OV-101-5% on CHP 100-125 mesh column) and Hewlett-Packard 5890 (30 x 0.5 mm RSL-200 polymethylsiloxane column) gas chromatographs. All the commercially available reagents were used as received; solvents for column chromatography were distilled over CaC12 before the use. CH2C12 used in porphyrin syntheses was a "Baker analyzed" reagent (0.01% of water) stabilized with amylene. 
5,10,15,20-tetrakis-(2,6-dichloro-4-nitrophenyl)porphyrin (4)
5,10,15,20-tetrakis-(2,6-dichloro-3-nitrophenyl)porphyrin (5)
5,10,15,20-tetrakis-(2,6-dichloro-4-nitrophenyl)porphyrin (6).
A suspension of porphyrin 4 (0.26 g, 0.24 mmol) in 36% HC1 (20 ml) was heated at 60 °C under vigorous stirring and SnC12.2H20 (2.26 g, 10 retool) was added to the mixture. After 2 h the solvent was evaporated under vacuum. The solid residue was placed in a Sohxlet timble and extracted with CH2C12 for 12 h, then the liquid phase was concentrated and filtered through a short bed of silica-gel. Elution was carried out with CH2CI2/CH3OH 98/2. Fractions containing the product were collected together and taken to dryness. The solid residue was dissolved in CH2C12 5, 10,15,20-tetrakis-(2,6-dichloro-3-aminophenyl) porphyrin (7) . This compound was synthesized starting from porphyrin 5 according to the procedure described for 6 (mixture of atropoisomers, yield = 75 % 
5,10,15,20-tetrakis-[2,6-dichloro-4-(n-perfluorooctacarbamoyl)phenyl]porphyrin (1).
To a suspension of porphyrin 6 (0.17 g, 0.18 mmol) and Et3 N (0.25 ml, 1.8 mmol) in dry Et20 (10 ml) n-perfluorooctanoyl chloride (0.47 g, 1.08 mmol) was added. The mixture was stirred at rt for 24 h and then filtered over celite.
Evaporation of the solvent and column chromatography of the residue (silica-gel, light petroleum/acetone 4/1) gave the perfluoroacylated porphyrin which was further purified by dissolution in AcOEt (10 ml 
Mn(lll)-{5,10,15,20-tetrakis-[2,6 -dichloro-4 -(n -perfluorooctacarbamoyl)-phenyl]porphyrin} chloride (Mn-1).
A solution of porphyrin 1 (0.14 g, 0.05 mmol) in DMF (5 ml) was stirred under reflux with Mn(OAc)2.4H20 (0.05 mg, 0.22 mmol) for 7 h. After evaporation of the solvent in vacuo, the residue was dissolved in MTBE (100 ml) and washed with water (2x15 ml) and saturated aqueous NaCI (2x15 ml). UV-Vis spectroscopy showed the complete absence of non metallated porphyrin, whereas the presence of two minor spots was detected by thin-layer chromatography (silica-gel, CH2CI2/MeOH 9/1). In addition to the expected molecular ion (m/z = 2587), mass spectrometry (MS-FAB +) showed the presence of peaks corresponding to the loss of one and two perfluoroacyl tails (M+-397, M+-794). A portion of the crude complex (0.08 mg, 0.03 mmol) was treated with n-perfluorooctanoyl chloride (0.13 g, 0.3 mmol) as described for porphyrin 1. Column chromatography (silica-gel, CHCI3/MeOH 9/1) afforded a dark brown powder that was dissolved in MTBE (50 ml) and stirred with a saturated NaC1 aqueous solution (50 ml). The organic phase was dried over MgSO4 and the solvent evaporated, affording pure Mn-I (0.04 g, overall yield = 36%). UV-Vis (AcOEt) ~.max (log e) = 474 nm (5. 
General Procedure for Alkene Epoxidation.
Reactions were carded out in a 20 ml flask equipped with a teflon lined screw cap and magnetic stirrer, thermostatted at 0 + 0.2 °C with circulating ethanol by a Haake F3 Cryostat. Stirring was maintained at the maximal rate achievable (1300 + 50 rpm) in order to ensure the best contact between the organic and the aqueous phase. The flask was charged with: (i) 1 ml of a 2.0.10 -4 M solution of Mn(Ill)-porphyrin in the proper organic solvent; (ii) 1 ml of a 0.2 M solution of alkene in the same solvent, containing tetradecane (0.025 M) as internal standard for gas-chromatography; (iii) 10 I.tl of a 4.0-10 -2 M solution of N-hexylimidazole in CH2C12. The solution was stirred 5 min then 0.86 ml of NaOCI 0.7 M were added to the flask. The pH of NaOC1 was previously adjusted to 10.0 with solid NaHCO3. The mixture was stirred and samples were taken at different times and analysed by G.C.
